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© Buffer device suitable for asynchronous transfer mode communication. 



© A buffer device capable of dealing with multiple 
priority levels in which the efficiency of the memory 
capacity utilization can be improved such that the 
priority levels can be handled at the higher efficiency 
with smaller memory capacities, and which is adapt- 
able to a high speed buffer implementation. The 
device includes a data register array (10) containing 
empty data registers and imaginary FIFO queues, 
and an administrative register array (11) comprised 
of a two port RAM (11 a, 11b) for storing pointer 
chains specifying the imaginary FIFO queues. The 



input of data is accompanied by the modification of 
the pointer chain to extend it, whereas the output of 
data is accompanied by the modification of the 
pointer chain to shorten it, so that the imaginary 
FIFO queues are administered in flexible manner in 
order to achieve efficient memory capacity utiliza- 
tion. The procedure for controlling the imaginary 
FIFO queues can be executed in parallel because of 
the independency of read and write operations in the 
two port RAM. 
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© Buffer device suitable for asynchronous transfer mode communication. 



© A buffer device capable of dealing with multiple 
priority . levels in which the efficiency of the memory 
capacity utilization can be improved such that the 
priority levels can be handled at the higher efficiency 
with smaller memory capacities, and which is adapt- 
able to a high speed buffer implementation. The 
device includes a data register array (10) containing 
empty data registers and imaginary FIFO queues, 
and an administrative register array (11) comprised 
of a two port RAM (11 a, 11b) for storing pointer 
chains specifying the imaginary FIFO queues. The 
^ input of data is accompanied by the modification of 
the pointer chain to extend it. whereas the output of 
^ data is accompanied by the modification of the 
r— pointer chain to shorten it. so that the imaginary 
ggFIFO queues are administered in flexible manner in 
order to achieve efficient memory capacity utiliza- 
COtion. The procedure for controlling the imaginary 
qFIFO queues can be executed in parallel because of 
the independency of read and write operations in the 
^•two port RAM. 
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plementation. 

This object is ach;- v. : :n !he present invention 
by providing a buffer *:'vvice for receiving, tem- 
porarily storing and tra.- emitting data accompanied 
by information indicating a priority level of the data, 
where there is at least two distinct priority levels, 
the device comprising: data register array including 
a plurality of data register means for temporarily 
storing the data, the data register means being 
divided into empty data register means storing no 
data and as many number of imaginary FIFO 
queues as a number of distinct priority levels, each 
imaginary FIFO queue being corresponding to each 
distinct priority level, and a number of data register 
means in each imaginary FIFO queue being flexi- 
ble; administrative register array comprised of a 
two port RAM means for modifiably storing the 
administrative information containing pointer chains 
specifying the imaginary FIFO queues in the data 
register array, having a write-in port through which 
the administrative information can be written into 
the administrative register array and a read-out port 
through which the administrative information can be 
read out from the administrative register array 
which are independently operable; data input 
means for receiving new data, entering the new 
data into one empty data register means, and 
modifying the pointer chain specifying the imagi- 
nary FIFO queue corresponding to a priority level 
of the new data indicated by the information ac- 
companying the new data, such that the pointer 
chain is extended to include that one empty data 
register means into which the new data is entered 
at an end of that imaginary FIFO queue; and data 
output means for taking out data stored in one data 
register means, transmitting the data, and modify- 
ing the pointer chain specifying the imaginary FIFO 
queue corresponding to a priority level of that data, 
such that the pointer chain is shortened to exclude 
that one data register means from which the data is 
taken from a top of that imaginary FIFO queue. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of one embodiment 
of a buffer device according to the present inven- 
tion. 

Fig. 2 is a detailed block diagram of an 
administrative register array of the buffer device of 
Fig. 1. 

Fig. 3 is a flow chart for the input of input 
cata in the Duffer device of Fig. i. 

Fig. -a :s a flow chart for the output of. output 



data in the bene: device of Fig. 1. 

Fig. b .t b diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
5 functions. 

Fig. 6 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the input of new data for a general 
iq case. 

Fig. 7 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 
of the input of new data explained in Fig. 6. 
'5 * Fig. 8 is a diagram showing imaginary FIFO 

queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the input of new data for one special 
case. 

20 Fig. 9 is a diagram showing imaginary FIFO 

queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 
of the input of new data explained in Fig. 8. 

Fig. 10 is a diagram showing imaginary FIFO 

25 queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the input of new data for another 
special case. 

Fig. 11 is a diagram showing imaginary FIFO 

30 queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 
of the input of new data explained in Fig. 10. 

Fig. 12 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 

35 the buffer device of Fig. 1 for explaining their 
functions in the output of data for a general case. 

Fig. 13 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 

40 of the output of data explained in Fig. 12. 

Fig. 14 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the output of data for one special case. 

*s Fig. 15 is a diagram showing imaginary FIFO 

queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 
of the output of data explained in Fig. 14. 

Fig. 16 is a diagram showing imaginary FIFO 

so queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the output of data for another special 
case. 

Fig. 17 is a diagram showing imaginary FIFO 
ss queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 
of the output of data explained in Fig. 16. 

Fig. 18 is a diagram showing imaginary FIFO 
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read-out pen 11b. by utilizing the empty address 
register taii 17 and one of read-out address regis- 
ters 151 -15m which is selected in accordance with 
a bit pattern given externally which indicates the 
priority level of the output data, as before. 

The arbiter 18 arbitrates conflicting requests 
when an input request and an output request oc- 
curred simultaneously by selecting one of the input 
request and the output request. In the following 
description of this embodiment, it is assumed that 
the output request is always given a higher priority 
than the input request, though this can be reversed 
if desired. 

The buffer status indicator 19 gives out a buffer 
full signal for indicating whether the buffer device 
has any memory capacity for accepting new data 
available, by comparing the bit patterns stored in 
the empty Address register head 16 and empty 
address register tail 1 7. 

In addition, the buffer status indicator 19. gives 
out buffer empty signal for indicating whether there 
is any data for output in each of imaginary FIFO 
queues formed inside the data register array 10 in 
correspondence with each priority level, by com- 
paring the bit patterns stored in each one of the 
write-in address registers 141 -14m corresponding 
to each priority level and each one of the read-out 
address registers 151 -15m corresponding to each 
priority level. 

The timing unit 1A provides pulse sequences 
indicating timings necessary to activate elements 
of the buffer device such as the write-in pulse 
signal and the clear pulse signal utilized in the 
administrative register array 1 1 described above. 

!n this embodiment, the input data are entered 
into the buffer device in accordance with the flow 
chart of Fig. 3, as follows. Namely, first whether the 
buffer full signal from the buffer status indicator 19 
indicates fuil or not full is determined(step 101). If 
full, the input of the input data is postponed until 
the buffer fuil signal changes to not full. Otherwise, 
the memory capacity foe accepting new data is 
available(step 102) so that the input request is 
given to the arbiter 18(step 103). Only when the 
input allowance is given from the arbiter !8(step 
104). the input data are entered into the data input 
unit I2(step 105) and then the input data are writ- 
ten into the data register array 10 by the data input 
unit I2(step 106). which completes the input of the 
input data. 

Also, in this embodiment, the output data are 
sent out from the buffer device in accordance with 
the Mow chart of Fig. 4, as follows. Namely, first 
whether the buffer empty signal from the buffer 
status indicator 19 corresponding to the imaginary 
FIFO queue for a desired priority level for next 
output data indicates empty or not empty is 
determineefstep 201). If empty, the output of the 



output data is postponed until the buffer empty 
signal changes to not empty. Otherwise, the data to 
be output data are present(step 202) so that the 
output priority level is given to the data output unit 

s 13(step 203) and the output request is given to the 
arbiter I8(step 204). Only when the output notice is 
given from the arbiter 18{step 205). the output data 
are read from the data register array 10 by the data 
output unit 13 (step 206) and then the output data 

ro are sent out from the data output unit I3(step 207), 
which completes the output of the output data. 

Referring now to Figs. 5 to 18. a manner of 
setting up imaginary FIFO queues in the data reg- 
ister array 10 in this embodiment will be explained 

;5 in detail. 

In Figs. 5 to 18. HEAD stands for the empty 
address register head 16. TAIL stands for the emp- 
ty address register tail 17, RPI stands for the read- 
out address register 151, RP2 stands for the write- 

20 in address register 152. WP1 stands for the write-in 
address register 141, WP2 stands for the write-in 
address register 142. In addition, a data register 
having a certain address in the data register array 
10 and a corresponding administrative register hav- 

25 ing the same certain address in the administrative 
register array 1 1 are depicted as a pair, and arrows 
joining the administrative registers represents 
pointer chains established between the administra- 
tive registers. 

oo Each of the administrative registers, read-out 

address registers, write-in address registers, empty 
address register head, and empty address register 
tail has a capacity for storing an address asso- 
ciated with each data register, so as to furnish a 

35 function of pointer. 

An address consisting binary zeros alone is 
reserved for an indication of the absence of the 
pair of data register and administrative register to 
point to, and is represented by a slash in a box for 

40 administrative registers, read-out address registers, 
write-in address registers, empty address register 
head, and empty address register tail. 

Here, for the sake of simplicity, the explanation 
will be given for a case involving only two pairs of 

45 read-out register and two write-in register in which 
two imaginary FIFO queues are to be constructed 
on the data register array 10. in which case there 
are two sets of pointer chains provided. 

Fig. 5 shows a state of the buffer device dia- 

50 grammatically. Two imaginary FIFO queues are 
represented by boxes joined by two pointer chains 
starting from the read-out registers RP1 and RP2. 
and the last data register and administrative regis- 
ter pairs of the imaginary FIFO queues each of 

55 which has a stash in a box for the administrative 
register are pointed by the write-in registers WP1 
and WP2. The administrative registers associated 
with the empty data registers are also joined by a 
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output of the output data. 

One of such cases is that in which the imagi- 
nary FIFO queue for a particular priority level be- 
comes empty as a result of this output of the 
output data, as shown in Fig. 1 4. 

In this case, the procedure for the output of the 
output data differs from that described above with 
Fig. 14 at the step indicated by a chain line H. 
Namely, in this case the address stored in the 
administrative register associated with that data 
register from which the output data has been taken 
is transferred not only to the read-out address 
register RP1 for that imaginary FIFO queue of that 
particular priority level, as indicated by a chain line 
H in Fig. 14. but also to the write-in address 
register WPl of the same imaginary FIFO queue, 
as indicated by a chain line I in Fig. 14, so that 
after this output of the output data both the read- 
out address register RP1 and write-in address reg- 
ister WP1 have the address consisting of binary 
zeros alone, as shown in Fig. 15. This will subse- 
quently be detected by the buffer status indicator 
19 which produces the buffer empty signal for that 
particular priority level in response. 

Another case calling for the special operation is 
that in which all the data registers are filled up 
before this output of the output data such that both 
of the empty address register head HEAD and 
empty address register tail TAIL stores the address 
consisting of binary zeros alone, as shown in Fig. 
16. This situation will be detected by the buffer 
status indicator 19 which produces the buffer full 
signal in response. 

In this case, the procedure for the output of the 
output data differs from that described above with 
Fig. 16 at the step indicated by a chain line J. 
Namely, in this case there is no administrative 
register pointed by that empty address register tail 
TAIL to transfer the original address stored in the 
read-out address register RP2 to. Thus, in this 
case, the original address stored in the read-out 
address register RP2 is transferred to the empty 
address register tail TAIL, as indicated by a chain 
line J in Fig. 16. as well as to the empty address 
register head HEAD, as indicated by a chain line K 
in Fig. 16. so that after this output of the output 
data both the empty address register head HEAD 
and the empty address register tail TAIL point to 
the same data register from which the output data 
has been taken, as shown in Fig. 17. 

Fig. 18 shows a state of the buffer device in 
which all the data registers are empty. In this case, 
all pairs of the data registers and the administrative 
registers are joined by a pointer chain starting from 
the empty address register head HEAD and ending 
at the empty address register tail TAIL, while the 
read-out address registers RP1 and RP2. as well 
as the write-in address registers WPl and WP2 



store the address consisting of* bine"-;/ -er:3 aione. 

It is to be noted that in ther* :c.->.:.c : ons of 
input and output explained above. various steps 
involved can be carried out simultaneously, since 

s the administrative register array 11 has a two port 
RAM structure involving the write-in port 11a and 
read-out port 1 1 b which can be operated indepen- 
dently. Therefore, this buffer device is suitable for a 
high speed buffer implementation. 

to When this buffer device is applied to the pack- 

et exchange system or communication system us- 
ing ATM. the data to be stored in the data register 
array 10 will be the packets or cells, respectively. 
In such a case, the priority levels may des- 

i5 ignate the direction of transmission of the packets 
or cells such that the buffer device can be viewed 
as a packet switch or a cell switch. Moreover, in a 
communication system with ATM, when a plurality 
of input paths to the buffer device are provided and 

20 the directions of cells are taken for the priority 
levels, this buffer device can function as a type of a 
cell switch known as a shared buffering cell switch. 

As explained, it is possible to provide a buffer 
device capable of dealing with multiple priority 

25 levels in which the efficiency of the memory capac- 
ity utilization can be improved such that the priority 
levels can be handled at the higher efficiency with 
smaller memory capacities, and which is adaptable 
to a high speed buffer implementation, because 

30 each of the imaginary FIFO queues corresponding 
to different priority levels has flexible memory ca- 
pacity, so that even when the data for a particular 
priority level are more numerous than those for the 
other priority data, a memory capacities of the 

35 entire buffer structure will be utilized at high effi- 
ciency, and the procedure for controlling the imagi- 
nary FIFO queues can be executed in parallel. 

Besides those already mentioned above, many 
modifications and variations of the above embodi- 

•to ments may be made without departing from the 
novel and advantageous features of the present 
invention. Accordingly, all such modifications and 
variations are intended to be included within the 
scope of the appended claims. 

45 Reference signs in the claims are intended for 

better understanding and shall not limit the scope. 



Claims 

so 

1. A buffer device for receiving, temporarily 
storing and transmitting data accompanied by in- 
formation indicating a priority level of the data, 
where there is at least two distinct priority levels. 
55 the device comprising: 

data register array(10) including a plurality of data 
register means tor temporarily storing the data, the 
data register means being divided into empty data 
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FIG.3 
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